The effects of elevated compartment pressure on tibial arteriovenous flow and relationship of mechanical and biochemical characteristics of fascia to genesis of chronic anterior compartment syndrome  by Turnipseed, William D. et al.
The effects of elevated compartment pressure 
on tibial arteriovenous flow and relationship 
of mechanical and biochemical characteristics 
of fascia to genesis of chronic anterior 
compartment syndrome 
William D. Turnipseed, MD, Christof Hurschler, MS, and Ray Vanderby, Jr., PhD, 
Madison, Wis. 
Purpose: The purpose of  this study is to evaluate the effects of  increased compartment 
pressure on anterior tibial arteriovenous flow patterns and to determine whether 
mechanical nd biochemical properties of  fascia are responsible for compartment pressure 
abnormalities. 
Methods: Twenty patients with chronic anterior compartment syndrome (CACS) and 20 
age-matched control subjects had compartment pressure measurements and analysis of 
tibial arterial and venous flow before and after fasciectomy. Fascia specimens were 
evaluated for thickness, stress failure, structural stiffness, and total collagen content and 
prevalence of  collagen cross-linkage. 
Results: Pressures were significantly elevated in patients with CACS versus control subjects 
(23.8 mm Hg vs 6 mm Hg). No significant difference in tibial arterial flow could be 
d&ected in either group (43 cm/sec mean vs 41.9 cm/sec mean). Venous drainage was 
severely impaired in patients with CACS but not in control subjects. CACS fascia was 
thicker and stiffer than control fascia specimens (0.35 mm + 0.12 mm, 109 + 65 
MN/mm; versus 0.22 mm +- 0.06 ram; 60.3 -+ 22 MN/mm). Fasciectomy normalized 
postoperative compartment pressures and improved venous drainage. Collagen content 
per unit mass was similar for both CACS and control fascia specimens, although collagen 
cross-linking was significantly lower in the CACS fascia than in the controls. 
Conclusions: Tibial venous drainage is impaired, but arterial flow is not in patients with 
CACS. Fascia thickness and structural stiffness can account for increased pressure in 
CACS compartments. Collagen content and cross-linkage are unrelated to fascia stiffness 
or thickness. Postoperative improvement in vascular hemodynamics and reduction in 
compartment pressure is caused by increased capacitance in the compartment after 
fasciectomy. (J Vasc SURG 1995;21:810-7.) 
Chronic compartment syndrome (CCS) is a 
condition most commonly associated with overuse in 
well-conditioned athletes. It is clinically manifest by 
recurrent episodes of muscle cramping, tightness, 
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and occasional paresthesias, and unlike other exer- 
tional injuries such as stress fracture, periostitis, or 
tendonitis, this problem does not respond to antiin- 
flammatory medications or physical therapy. 1,2 Al- 
though symptoms often abate with rest, they quickly 
return when strenuous exercise is resumed. The most 
important pathologic factor associated with CCS 
appears to be elevated pressure within a closed 
myofascial space. 3,~ Although permanent ischemic 
neuromuscular injury is uncommon i  CCS, claudi- 
cation symptoms can disable, particularly at competi- 
tive athletic levels of activity. This investigation 
evaluates the effects of increased compartment pres- 
sure on tibial arterial-venous flow patterns in patients 
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with symptomatic chronic anterior compartment 
syndrome (CACS) and explores the question of 
whether pressure levations are related to abnormal 
changes in the mechanical properties or thickness of 
anterior compartment fascia. 
MATERIAL AND METHODS 
Twenty patients with symptoms strongly sugges- 
tive of CACS had noninvasive pulse volume record- 
ing (PVR) vascular tests performed to screen for 
lower extremity intrinsic arterial occlusive disease and 
to rule out the presence of popliteal artery entrap- 
ment. The PVR unit (Parks Flo-Lab, Model no. 
2014; Parks Medical Electronics Inc., Aloha, Ore.) 
was used to determine lower extremity segmental 
pressures and waveforms and to calculate vascular 
indexes at four levels. Tests were performed with the 
patient at rest and after standard tread mill exercise at 
10 degrees elevation, 3 miles per hour, for 5 minutes. 
Screening for popliteal entrapment was performed 
with a 10 cm cuffplaced around the ankle and inflated 
to 60 mm Hg. PVR waveforms were obtained with 
the patient in the resting position and with the foot 
placed in forced plantar and dorsiflexion. Systolic 
ankle blood pressures were obtained bilaterally with 
use of the posterior tibial artery with the foot in the 
neutral resting posinon and in forced plantar and 
dorsiflexion stress positions so that ankle brachial 
indexes could be computed. 
A Siemens Quantum Angiodynographic Color 
Flow Scanner (QAD 2000; Siemans-Quantum Inc., 
Issaquah, Wash.) was used to determine the velocity 
of blood flow through the anterior tibial artery 
(cm/sec) and blood flow patterns m the anterior tibial 
vein. Venous flow was characterized as spontaneous, 
phasic, augmented, or absent. These measurements 
required use of the slow-flow calibration settings. 
Distal compressions of the lower calf were done to 
document the presence of augmented venous flow. 
PVR testing and angiodynography were also per- 
formed on 20 age-matched control subjects. Half 
were female, half male; ha[fled an aggressive athletic 
lifestyle, and half did nor. Follow-up noninvasive 
duplex color-flow studies were repeated 3 months 
after surgical release of the anterior compartment to 
document any changes in arteriovenous blood flow 
patterns in the anterior compartment, s Postoperative 
compartment pressures were also measured to docu- 
ment successful decompression. 
Compartment pressures were measured with the 
Stryker Digital Pressure Monitor (Stryker Surgical, 
Kalamazoo, Mich.). Bilateral testing of the anterior 
and lateral compartments was performed on all pa- 
tients with symptoms. Anterior compartment pres- 
sure measurements were performed insymptom-free 
control patients as well. Resting pressures above 14 
mm Hg were considered to be abnormal and consis- 
tent with the CACS. When patients with a strong 
clinical history suggesting CACS had pressures that 
fell within the normal range (_< 14 mm Hg), pro- 
vocative testing was performed by having that indi- 
vidual go for an outdoor un until symptoms devel- 
oped. (We have found that this is much more effec- 
tive than a standard running stress test on a treadmill 
and that it frees up diagnostic equipment in a busy 
vascular laboratory, because prolonged exercise may 
be necessary to elicit symptoms.) When the patient 
returns from the run, anterior pressures are measured 
after 10 minutes rest. Failure of pressures to return to 
baseline values or persistent pressure levation above 
50 mm Hg were considered a positive provocative 
test result. 
Fascia specimens were harvested from the 20 
individuals (11 female, 9 male) with symptomatic 
CACS. In addition, fascia specimens were obtained 
from four age group controls with posttraumatic 
above-knee amputations and from four age-matched 
patients with posttraumatic a ute anterior compart- 
ment syndromes. Open fasciectomy was performed 
in patients with CACS given local anesthetic. A
linear incision was made below the knee halfway 
down the anterior-lateral surface of the lower leg. 
It was placed parallel to the intermuscular sepmm 
midway between the anterior surface of the tibia and 
lateral surface of the fibula. An ellipse of fascia, 
6 cm long and 2 cm wide, was removed from the 
anterior and lateral compartment, leaving a strip of 
fascial over the intermuscular sepmm to protect he 
superficial peroneal nerve from injury or scar ad- 
herence. Extended compartment release was 
achieved by proximal and distal subcutaneous fas- 
ciotomy performed under direct vision. Anterior 
fascia specimens harvested from the amputated 
limbs, from patients with acute compartment syn- 
dromes, and from those with CACS were imme- 
diately placed into saline solution-filled plastic bags, 
quick frozen, and stored at -70  ~ C. Lateral com- 
partment fasciectomy was performed as a prophy- 
lactic measure because later development of a com- 
partment syndrome in that distribution frequently 
occurs. Fascia taken from this compartment was 
used as an internal control for comparison with the 
fascia taken from the symptomatic anterior com- 
partment, provided lateral compartment pressures 
were 14 mm Hg or less. Fascia taken from the 
anterior compartment of the amputated limbs or 
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from patients with acute compartment syndrome 
was used for external controls. 
The mechanical nd biochemical characteristics of 
fascia from symptomatic anterior compartments and 
from internal and external controls were determined 
by evaluating properties such as structural and mate- 
rial stiffness, thickness, time-dependent failure re- 
sponse, collagen content, and collagen cross-linking. 
A more extensive description of the mechanical nd 
biochemical processing is reported elsewhere. 6 Each 
of the frozen specimens were allowed to thaw com- 
pletely at room temperature b fore testing. Axial and 
transverse specimens of uniform width were cut in a 
6 cm-wide double slotted template. Both ends of the 
specimen were inserted between two pins and placed 
in spring-loaded grips and reference area, length, and 
width measurements were determined under a pre- 
load of 0.5 N. Preload conditioning of fascia pro- 
duces more consistent data for evaluation of soft tis- 
sue viscoelastic response. Area measurements were 
made (with an area caliber) from at least three loca- 
tions on each specimen. Length was measured i- 
rectly with a millimeter scale. Width was averaged 
from at least five measurements made along the 
length of the specimen by image analysis. Deforma- 
tion measurements were made by using six reference 
spots placed near the end of each specimen with a 
hypodermic needle and Verhoffs stain. Deformation 
was recorded on a videocassette r corder for later 
analysis. Fascia was preconditioned sinusoidally from 
0% to 7.5% grip strain for 60 cycles at 1 Hz before 
testing. 
The relaxation behavior of fascia was determined 
by applying a strain of 10% in 1/10 of a second to 
approximate a Heaviside step in strain. Specimens 
were then allowed to relax for 120 seconds, which is 
sufficient to reach a steady load state. After recovery, 
fascia was tested to failure at a loading rate of 20 
mm/sec. This loading rate corresponds toa strain rate 
of at least 67%/see for every specimen. A fast loading 
rate was chosen to minimize relaxation effects on the 
measured stiffness of fascia. 
Strain in the failure test was computed by image 
analysis of the deformation data recorded on a 
videocassette r corder (PCVI-SION-PLUS frame 
grabber; Image Technology Inc., Woburn, Mass.; 
and JAVA image analysis software; Jandel, Corte- 
madera, Calif.). The stress was computed by use of 
the reference area measured at the beginning of each 
test. Material stiffness (Era) was obtained from the 
linear portion of the stress train curve of the failure 
test. Thickness (t0) was computed by dividing the 
reference area by the measured width, which was 
determined by use of image analysis. The structural 
stiffness or stiffness per unit width (E~) is a measure 
of how the tissue responds to changes in compart- 
ment volume and is determined by the formula 
E~ = E m t 0. 
Biochemical analysis of fascia consisted of col- 
lagen cross-link evaluation (hydroxylysylpyridino- 
line) and determination of hydroxyproline content. 
Collagen crossfinkage analysis was performed by use 
of a Waters Model 470 scanning spectrofluorometer 
(Waters, Millford, Mass.). The excitation and emis- 
sion spectra were scanned for hydroxylysylpyridino- 
line (HP) collagen cross-links and monitored at 
maximum peak excitation (290 nm) and emission 
(395 nm) with a 2 pmol sensitivity. The chromato- 
grams were stored and integrated on a CompuAdd 
216 (80286) AT clone with use of Maxima 820 
software. Cross-linking was analyzed by a modifica- 
tion of a paired-ion C~s reversed-phase HPLC 
method adopted by Eyre et al.7 Cross-linking was 
expressed as mole HP/mole of collagen. 
Hydroxyproline determination was made using 
the precolumn derivatizing Edman's reagent, phe- 
nylisothiocyanate. A 450 ~tl aliquot was taken out 
of the original redissolved hydrolyzate and applied 
to a solid-phase xtraction medium with a 500 ~1 
methyl alcohol:dH20 (50/50 vol/vol) and 1.0 ml 
of 0.1 N HCL for sample purification before 
analysis. The filtrate was then transferred to 
Wheaton autosampler vials. Samples were eluted 
isocratically at 1.0 ml/min flow rate for 5 'minutes 
by use of a 10 cm • 4.6 mm Cls PICO-TAG 
column Waters model 490 absorbance detector at 
254 nm. Hydroxyproline chromatograms were 
quantified relative to a known amount of derivatized 
hydroxyproline standard and measured in ~g 
hydroxyproline/mg dry tissue weight. 
An analysis of variance (ANOVA) followed by 
multiple comparisons was used to test for differences 
between means. Tukey's honestly significant differ- 
ence test, which gives confidence intervals at a given 
significance level, was used to compare pairs of 
means. A confidence interval that does not span zero 
indicates difference between two means at a given 
significance level. The statistical significance level 
used for ANOVA and Tukey's tests was 0.05 unless 
otherwise noted. 6
RESULTS 
All 20 patients with symptoms suggesting 
chronic anterior compartment syndrome failed to 
demonstrate noninvasive PVR test evidence of in- 
trinsic arterial occlusive disease. Tibial pulses were 
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Table I. Diagnostic tests 
Age-matched controls Patients with CA CS 
Test (n = 20) (n = 20) 
PVR (resting stress) 
Popliteal entrapment 
Anterior compartment pressure (mean) 
Lateral compartment pressure (mean) 
Color-flow duplex screening 




Anterior tibial arterial flow (40 limbs) 
Normal Normal 
Negative Negative 
4 to 7 mm Hg (6.0) 16 to 36 mm Hg (23.8) 
4 to 6 mm Hg (6.0) 2 to i1 mm Hg (6.8) 
34/40 (70%) 0/40 (0%) 
40/40 (100%) 40/40 (100) 
0/40 (0%) 0/40 (0%) 
23 to 62 cc/min (mean 41.9) 36 to 69 cc/min (mean 43.0) 
present in all individuals, and resting segmental in- 
dexes were normal ( _> 1.0). Postexercise wave forms 
and segmental indices were normal and popliteal en- 
trapment screening studies were negative for all 20 
patients with CACS treated in this series. Noninva- 
sive peripheral vascular screening results were also 
negative for intrinsic arterial occlusion or popliteal 
entrapment in the age group control subjects evalu- 
ated in this study. Resting anterior compartment 
pressures measured in patients with symptoms 
ranged from 16 to 36 mm Hg (mean 23.8 mm Hg). 
Lateral compartment pressure measurements in these 
patients ranged from 2 to 11 mm Hg (mean 6.8 mm 
Hg). Mean, anterior and lateral compartment pres- 
sure measurements were identical (6 mm Hg) in our 
asymptomanc age control group and were not sig- 
nificantly different from the pressures in the asymp- 
tomatic lateral compartment (6.8 mm Hg) of pa- 
tients who had chronic anterior compartment syn- 
drome. There was no significant difference in mean 
resting tibial artery blood flow velocity between pa- 
tients with CACS ([43 cm/sec]; range = 36 cm to 69 
cm/sec), and age group controls ([41.9 cm/sec]; 
range = 23 to 62 cm/sec). 
Duplex assessment of the proximal deep venous 
system (popliteal to common femoral vein) was 
normal in both the patient with CACS and age group 
control subjects. Duplex evaluation of the tibial 
venous flow patterns in the patients with CACS 
demonstrated uniform absence of spontaneous and 
phasic venous flow signals. Mechanical calf compres- 
sion or treadmill exercise nhanced and augmented 
tibial venous flow documenting patency of the tibial 
venous ystem in these patients. Tibial vein flow was 
spontaneous and phasic in 30 of the 40 control imbs 
evaluated by duplex scanning (75%), and all control 
limbs had flow augmentation with calf compression 
or exercise (Table I). 
At the time of surgery anterior fascia appeared to 
be notably different from the lateral compartment 
fascia in patients with CACS. Fascia appeared enser 
with cross striations and had a pearly white consis- 
tency to it. Diffuse myofascial scarring was noted in 
the distribution of the medial third of the muscle 
compartment in all patients with CACS. Lateral 
compartment fascia was thinner, more translucent, 
and rarely if ever had myofascial scarring. Significant 
myofascial scarring, in the anterior compartment was 
noted in two of eight (25%) surgical control spec- 
imens. 
The most significant difference between fascia 
removed from anterior and matched lateral compart- 
ment (internal controls) in patients with CACS was 
specimen thickness ~0.35 + 0.12 mm vs 0.26 - 
0.06 mm). No significant differences in tissue thick- 
ness were noted between lateral compartment speci- 
mens (internal controls) and fascia from limb ampu- 
tations or patients treated for acute anterior compart- 
ment syndrome (external controls) 10.26 + 0.06 
mm vs 0.22 ~- 0.06 mm~. Structural stiffness (de- 
rived from combined measurement of material stiff- 
ness and fascial thickness) was significantly greater in 
CACS fascia than in internal or external controls 
(109 - 65MN/mmvs 50.9 _ 33MNvs60.3 • 22 
MN). Percent relaxation and material stiffness were 
not significantly different for control or CACS fasc!a. 
No statistically significant difference in collagen 
content (hydroxyproline) was observed between 
control and pathologic anterior compartment fascial 
specimens. Collagen cross-linking (HP) was signifi- 
cantly lower in the CACS fascia than in any controls 
(Table II). 
Three-month follow-up studies were performed 
on all patients and included a physical examination, 
repeat compartment pressure measurement, and 
duplex assessment of tibial artery and venous flow in 
the anterior compartment. There were no wound 
problems, all patients had refief of their claudication 
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Table II. Fascia analysis 
CACS (Anterior) CACS (Lateral) ANT (Acute + AMP) 
Thickness (mm) 0.35 -+ 0.12 0.26 --_ 0.06 0.22 _+ 0.06 
Structural stiffness (MN/mrn) 109 • 65 50.9 • 33 60.3 -+ 22 
Material stiffness (MPA) 197 -+ 115 355 -+ 261 283 • 132 
Dry weight (nag) 2.29 _+ 1.1 1.95 + 1.1 
Ixg HYP/mg Dry weight 70.0 • 2.6 77.2 • 15 
Mole HP/Mole collagen 0.508 -+ 0.13 0.644 -+ 0.15 
ANT, External control fascia from acute compartment syndromes; AMP, external control fascia from traumatic amputations; M_PA, mega 
Pascals. 
symptoms, and all had normalization of resting 
postoperative compartment pressures (mean preop- 
erative pressure 23.8 mm Hg; postoperative pressure 
6.6 mm Hg). 
Duplex analysis of tibial artery flow showed no 
significant change in resting velocities before or after 
compartment release (43 cm/sec vs 48 cm/sec). 
However, postexercise increase in tibial artery flow of 
greater than 30 cm/sec was documented in 14 of the 
20 patients (70%). Improved tibial venous flow 
dynamics were documented in 18 of 40 limbs (45%) 
with return of spontaneous, phasic resting venous 
flow signals. An additional 14 limbs (35%) had 
improved flow augmentation without return of 
spontaneous or phasic flow, and eight limbs (20%) 
had no change after operation (Table III). 
DISCUSSION 
CACS was first described by Mayor in 1956. 8 It 
is an underdiagnosed clinical condition and ironically 
is still poorly understood. Most clinicians familiar 
with this problem agree that the underlying cause is 
abnormal pressure elevation within this limited 
osteomyofascial compartment. CACS is most com- 
monly associated with overuse injury in distance 
runners and in athletes exposed to significant impact 
stress to the lower extremities ( occer, gymnastics, 
basketball). Rarer causes include blunt trauma and 
chronic venous insufficiency. Clinically patients ex- 
perience muscle aching and cramps imilar to isch- 
emic claudication, tightness and swelling in the 
distribution of affected muscle groups, delayed re- 
covery from symptoms with rest, and occasional 
neuritic symptoms in the distribution of the super- 
ficial peroneal nerve. Unlike the acute compartment 
syndrome, CACS is rarely associated with obstructive 
peripheral vascular disease or documented ischemic 
events and almost never esults in permanent euro- 
logic injury. 
The purpose of this study is to determine whether 
pressure changes observed in CACS are associated 
with abnormalities in tibial arterial venous flow and 
to determine whether elevated compartment pres- 
sures are affected by mechanical nd histochemical 
characteristics of the anterior compartment fascia. 
Most investigators embrace the concept hat intra- 
compartmental hypertension adversely affects mi- 
crovascular muscle perfusion resulting in ischemic 
cramping and pain. We cannot correlate the presence 
of CACS with coexistent, intrinsic tibial artery 
occlusive disease. No significant changes in resting 
tibial artery blood flow velocities, waveforms, or 
anlde-brachial indexes have been documented in 
postoperative studies, despite intracompartmental 
pressure measurements cor~irming successful decom- 
pression. Postexercise enhancement of tibial artery 
blood flow (mean > 30 cm/sec) observed in several 
of our patients after fasciectomy may be related to 
increased capacitance in the compartment after sur- 
gical release. There appears to be very little convinc- 
ing evidence that arterial ischemia plays a significant 
role in the genesis of CACS. Muscle biopsies taken 
from these patients have not demonstrated acute or 
chronic evidence of ischemic injury. The most 
common finding is an increase in interstitial edema. 9 
Previous xenon flow studies have demonstrated 
transient perfusion defects in anterior compartment 
muscles, which appear to be related to intramuscular 
edema, l~ Phosphorous NMR spectroscopy more 
recently has been used to evaluate skeletal muscle 
metabolism inpatients with CACS. This technique is 
noninvasive, allows dynamic monitoring of pH and 
phosphate molecules, which are essential in oxidative 
cellular metabolism (adenosine triphosphate [ATP], 
phosphocreatine [PCR], inorganic phosphate [PI], 
and sugar phosphates), and appears to be an excellent 
method for detecting muscle ischemia. Ischemia is 
manifest on 31p-NMlk spectroscopy b  an absolute 
decrease inphosphocreatine (PCR) levels or by lower 
PCR to PCR + PI ratios. A recent clinic study by 
Balduini et al.12 suggests that, although ischemia can 
and does occur in CACS, it is an uncommon event, 
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very transient in nature, and occurs only when 
intracompartmental postexercise pressure is excep- 
tionally high ( > 160 mm Hg). Significant lowering 
of PCR levels or PCR to PCR + PI ratios at rest or 
after exercise could not be documented. Conclusions 
from this investigation suggested that ischemia is not 
a significant component of CACS. ~2 
The most common vascular abnormality ob- 
served before operation in our patients with CACS 
was loss of spontaneous and phasic tibial vein flow. 
Tibial venous occlusion was not the problem, because 
exercise or mechanical calf compression augmented 
tibial flow signals, lones et al.13 obse~ed similar tibial 
vein flow abnormalities in patients who had devel- 
opment of posttraumatic or postischemic acute 
compartment syndrome. Loss of spontaneous and 
phasic tibial vein flow was the first sign of increasing 
compartmental pressure and occurred when pres- 
sures exceeded 20 mm Hg. I3 These are pressure 
changes similar to those observed in the chronic 
compartment syndrome. It appears that impaired 
venous drainage may be a significant factor in 
development of acute and chronic compartment 
syndromes. Altered venous drainage can alter 
arterovenous perfusion gradients across the capillary 
bed and precipitate edema formation in soft tissues.14 
Our data suggest hat in the patients with CACS, 
impaired venous drainage isnot related to obstructive 
or anatomic abnormalities within the venous ystem 
per se, but in fact may be related to pressure increases 
caused by myofascial scarring and by abnormal 
mechanical nd histochemical characteristics of ante- 
rior compartment fascia. 
One of the aims of this study was to determine 
whether differences in mechanical and biochemical 
properties of  fascia contribute to intracompartmental 
hypertension. Little attention has been given to the 
idea that structural or functional changes in fascia 
might be directly responsible for causing CACS. We 
have observed statistically significant increases in 
thickness and structural stiffness of anterior compart- 
ment fascia when compared with internal and exter- 
nal control specimens. Structural stiffness is a mea- 
sure of how tissue responds to changes in compart- 
ment volume. As structural stiffness increases, there is 
a reduced "give" or stretch with increasing volume. 
Fascia thickness is greatest in areas where dense 
myofascial scarring occurred. These changes imply 
that microtrauma and inflammation may be respon- 
sible for local changes that occur at the junction 
between muscle and fascia. The dispersion of thick- 
ness and stiffness data in our CACS fascia specimens 
coincide with observed increases in compartment 
Table I I I .  Postoperative diagnostic test 
Patients wtih CACS 
Test (20) (40 Limbs) 
PVR 
Anterior compartment pressure (mean) 
Lateral compartment pressure (mean) 
Color-flow duplex scanning 




Tibial arterial flow (cc/min) 
Normal 
2-9 mm Hg (6.6) 




36-72 (mean 48) 
pressures. There is a natural tendency for muscle 
tissue to increase in volume (as much as 8% to 20%) 
and for compartment pressures to escalate after 
vigorous exercise. 15,~6 By our analytical approxima- 
tions with the following formula: 
P - (1 -v )  x r0x  - 
where r1 is proportional to AV 1/3, to, and t o are the 
initial radius and thickness, respectively, and v is 
Poisson's ratio, small changes in compartment 
muscle volume can cause linear increases in pressure 
when material stiffness and thickness increase. Thus 
pressure in the compartment is proportional to 
structural stiffness. Doubling structural stiffness 
doubles compartment pressure. Our analytic ap- 
proximaraon suggests that observed increases in 
structural stiffness of fascia in patients with CACS are 
of a magnitude that could account for pressure 
changes observed in this syndrome.S 
The histochemical nalysis of CACS fascia was 
somewhat surprising in that there were no demon- 
strable differences in total collagen content between 
anterior compartment fascia and control specimens, 
despite the fact that there were significant differences 
in thickness and structural stiffness. This suggests 
that increased structural stiffness is more the result of 
increased thickness than alteration of material prop- 
erties. Of  equal interest was the fact that cross-linkage 
HP collagen content is higher m control specimens, 
suggesting a more mature and stiffer fascia although 
an increase m material stiffness was not observed. 
Possible explanation is that HP cross-linking isnot a 
dominant factor in fascial changes that occur with 
CACS and does not have significant affect on material 
stiffness. The decreased cross-linkage in anterior 
compartment fascia suggests that neocollagen forma- 
tion may be occurring particularly m areas of 
increased strain load (myofascial scarring). 
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Data from this study suggest that CACS is caused 
by increased compartment pressure and that pressure 
abnormalities directly correlate with thiclmess and 
stiffness o f  anterior compartment fascia. Myofascial 
scarring reduces the capacitance oft_he compartment,  
and therefore the capacity o f  muscle volume increases 
after exercise. The adherence between muscle and 
fascia exaggerates the constrictive ffects o f  abnor- 
mally thickened and stiff fascia. Arterial blood flow is 
not significantly impaired at pressures causing symp- 
toms in patients with GAGS. 15 Venous drainage, 
however, is adversely affected and secondarily results 
in muscle edema and swelling. This in turn may 
stretch sensory pacinian corpuscles in fascia and peri- 
osteum, causing pain. Prolonged symptom recovery 
is the result o f  delayed venous emptying. Fasciotomy 
or fasciectomy relieves symptoms by increasing ca- 
pacitance of  the compartment, hus reducing com- 
partment pressure and improving venous drainage. 
Our thanks to Nancy Bell, RN/RVT, and her vascular 
laboratory staff for their assistance in data processing and 
performance of noninvasive tests used in this study. 
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DISCUSSION 
Dr. Michael C. Dalsing (Indianapolis, Ind.). The 
purpose of this study was to evaluate the effect of increased 
compartment pressure seen in patients with GAGS on 
anterior tibial artery and vein blood flow and to determine 
whether alterations in the compartmenfs fascia might help 
to explain the pathophysiologic condition noted. 
By definition of  elevated compartment pressures, 20 
patients with symptoms had GAGS, whereas the 20 contro~ 
subjects and the lateral compartment of the patients with 
CACS did not have the problem. Therefore two distinctly 
separate groups were available for further comparison. 
Neither group had any documented arterial disease, 
suggesting that arterial inflow is not a major problem in 
these patients. 
Direct imaging of the tibial veins demonstrated col- 
lapse but not occlusion because calf compression always 
resulted in augmentation. Because the pressure in distal eg 
veins at rest in the supine position is approximately 10 mm 
Hg, the compartment pressure xternal to the veins in the 
patients with CACS could certainly explain the venous 
collapse observed. However, 30% of control subjects had 
a similar finding. To better understand these results, I
would like some clarification of the method used to obtain 
images of the tibial veins. Were the studies performed with 
the patient in the supine position because gravity could 
have an effect on the results? Were they always performed 
after a defined period of rest because recent exercise could 
also dramatically affect the results? Am I correct in 
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assuming the veins were collapsed or was there some other 
anatomic Condition that I misinterpreted? Were the normal 
subjects in whom the veins did not demonstrate r sting 
flow those patients with the higher compartment pres- 
sures ?
The use of normal pressure lateral compartment 
biopsies in the patients with CACS (internal control 
subjects) and patients undergoing post-traumatic operauon 
(external control subjects I seems areasonable compromise. 
The thickened fascia, increased structural stiffness, and 
myofascial scarring noted could certainly restrict the 
compliance of the compartment a rest and after exercise. 
Chronic subclinical trauma might cause such tissue 
changes, thereby providing an explanation of these find- 
ings. This observation on the alterations of the fascia of 
patients with CACS is a new and major contribution to the 
etiologic understanding of this disorder. 
Based on your findings, you hypothesize that edema 
and swelling resulting from altered venous drainage could 
stretch pain fibers, resulting in the patient's pain with slow 
resolution after exercise as a result of poor venous drainage. 
Surgical decompression should and generally did alleviate 
this problem with relief of symptoms. How might you 
explain the results in patients with CACS who demon- 
strated no change in venous flow after decompression? 
I would be interested in available data that suggest that 
a lateral decompression is also required in these patients. 
Certainly the lateral compartment pressures in patients 
with CACS have a wider range than control subjects, but 
is this trend progressive? 
Dr. Wil l iam D. Turnipseed. These tests were done 
with patients in the supine position. Data from other 
vascular laboratories regarding tibial arterial and venous 
flow patterns in normal patients are almost identical to our 
own. Normal arterial tibial flow velocities are in the range 
of 35 to 40 cm/min. Tibial venous flow is normally phasic. 
In patients with CACS phasic flow is usually absent. The 
veins will augment with compression or exercise, however. 
The patients with borderline pressures are exercised until 
symptoms develop. We measure compartment pressure 
again after 10 minutes rest. Normally compartment 
pressures return to normal in a few minutes. Patients with 
CACS have elevated pressures for more than 10 minutes 
after exercise. Those individuals with symptoms that 
suggest CACS who have high normal or borderline 
compartment pressure usually increase their postexercise 
pressures by 4 or 5 times their baseline, which most 
commonlv do not return to baseline for more than 40 
minutes. 
Lateral compartment pressures m patients with CACS 
are usually not elevated. We have treated more than 200 
patients with CACS and have found that there is a 
coexistence of lateral and anterior compartment syndromes 
in approximately 30% of the patients we treat. Another 
20% will have development of compartment syndrome m 
the lateral distribution later on if we do not treat it. Because 
we're there, we release both compartments. 
I believe that symptom relief is related to increased 
capacitance of the compartment, improved venous drain- 
age, and decreased fascial stretch even when spontaneous 
tibial vein flow does not return. 
